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Relation between Kink E■ ect and IIllpact lonization Ettect in SOI MOSFETs

with Body Terminal

T.Matsumoto,YoKudoh,N.Terao,J.Kim and M.Koyanagi
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The drain conductance method is very useful to evaluate the kink elbct in SC)I NI(DS―

FETs. The kink current extracted based on the dr五 n conductance method has excellent
correlation with body terrninal current and the elrlitted photon nulrlber in SOI MOSFETs

when zero or negative bias voltage is applied to the silicon substrate. The kink ettbct

caused by the impact ionization at the back chaniel was observed when a pOsitive voltage

is applied to the substrate.

PC‐ 5‐8

Introduction
SOI MOSFETs have been attracting much at-

tention as potential candidate for high-performance
deep-submicron or further scaled-down devices due
to increased current drivability, reduced short chan-
nel effect, steep subthreshold slope and smaller par-
asitic capacitance. However, SOI MOSFETs have
the disadvantage that Io-Vn characteristics are se-
riously degraded by the harmful kink effect. Then,
the kink effect in SOI MOSFETs is investigated
in detail by measuring the kink current together
with the body terminal current and the hot car-
rier photon emission changing a temperature and a
substrate bias voltage applied to the bottom silicon
substrate.

Experimental
SOI MOSFETs with the body terminal as shown

in Fig.1 were fabricated on SIMOX wafer accord-
ing to the conventional CMOS process. The SOI
film thickness is 100nm and the buried oxide thick-
ness is 400nm. The gate oxide thickness is 15nm.
The kink current was extracted from In-Vn char-
acteristics based on the drain conductance method
as described in Fig.2 tl]t2]. The photon emission
characteristics were measured bv Hamamatsu hot-
electron analyzer.

(a)

Fig.1 Cross-sectional and
FET with bodv terminal.

(b)

plane view of SOI MOS―

△ IK=ID~(gDm(VD~VDK)+:● K)

(VOI:D)

(VD■ ,:眺)

`全
L

Kink polnt gDm

Drain Voltage Vo

Fig.Z Drain conductance method.
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Fig。3 Gate voltage dependences of kink current

and body terrrlinal current。

Results and]DiscussiOn
The gate voltage dependence of the kink cur―
rent△ Iκ is p10tted in Fig。 3 for two cases where
the body terrrlinal is■ oated and flxed at OV. In
the flgure, the body ternlinal current IB iS alsO
plottedo As is obvious in the igure, the charac―

teristico show a typical bell― type shape silnilar to

that of substrate current in the bulk MOSFET.
The kink current△ Iκ fOr the ctte of the■o就―
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Fig.6 Gate v.oltage dependence of emitted photon
number.
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Fig.4 Gate voltage dependence of kink current.
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Fig.5 Gate voltage dependence of body terminal
current.

ing body terminal is slightly larger than that of the
fixed body terminal because the parasitic bipolar
action is more pronounced in the case of the float-
ing body terminal. It is also obvious in the figure
that a very clear correlation between A.fug and ,Ig
is obtained in the case of the substrate bias volt-
age Vru6-0V. However, ,Ig is around three orders
of magnitude smaller than LItr. LIx and .Is are
plotted again as a function of gate voltage chang-
ing the substrate voltage as a parameter in Figs. 4
and 5. The shape of both characteristics is similar
each other for V"u6-0V and Vsub:-}0V. The maxi-
mum body terminal current slightly increases when
the substrate voltage is changed from 0V to -30V.
On the contrary, the kink current significantly de-
creases because the back surface of SOI film is accu-
mulated more and consequently holes generated by
the impact ionization can be more easily swept out
from the body terminal when high negative voltage
is applied to the silicon substrate. When high pos-
itive voltage is applied to the substrate, the shape
of the characteristics significantly changes. Two
peaks are observed in Ig-V6 characteristics. The
first peak in the lower gate voltage region is due to
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Fig.7 Substrate voltage dependence of maximum
body terminal current, kink current and photon
number.

the impact ionization at the back channel while the
second peak in the higher gate voltage region due to
the impact ionization at the front channel. The first
peak is larger than the second peak. A relatively
large kink current due to the impact ionization at
the back channel is observed in the lower gate volt-
age region. The photon emission characteristics in
SOI MOSFET with body terminal are shown in
Fig.6. Typical bell-type shape similar to L,Ix-Vc
and I6-V6 characteristics is obtained for V"uu:0Y
and V"u6:-30V. The peak value increases as V"u6
is changed from 0V to -30V because the channel
electric field increases. Two peaks are observed also
in Nrn-Vc characteristics for Vru6-+30V. However,
the second peak is larger than the first peak in con-
trast to IB-V7 and A^I;a-Vc characteristics. This
means that although the impact ionization still sig-
nificantly occurs even in the gate voltage region for
the second peak, only a part of generated holes flow
into the body terminal because the SOI film body
is inverted at the front surface and is depleted in-
side and at the back surface. The maximum kink
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Fig。 8 Temperature dependence of body

current and kink current at Vstb:=-30V。
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Fig.10 Temperature dependence of body terminal
current and kink current at V"r6-+30V.

flow into the source without hole accumulation in
the SOI film near the source. Thus, LJ6*o, rcp-
resents the peak around %.ra:OV.

Temperature dependences of lgroo, and L,I6*o,
for,V"u6--30V, 0V and +30V are shown in Figs.8
to 10, respectively. In the case of V"u6:-30V,
IB*o, increases while LIK^*, only slightly in-
creases as a temperature is reduced because the
kink current is effectively suppressed by the body
terminal. On the other hand, in the case of
V"u6:|30Y, Is*o, due to the impact ionization at
the front channel initially increases and then de-
creases because the body terminal resistance in-
creases and only smaller amount of holes flow
into the body terminal in the lower temperature.
LIK*', monotonously increases as a temperature
is lowered because the impact ionization becomes
more significant and the barrier height at the source
junction increases.

Conclusion
It has been shown that the drain conductance method

is very useful to evaluate the kink effect in SOI MOS-
FETs. The kink current extracted based on the drain
conductance method has excellent correlation with body
terminal current and the emitted photon number in SOI
MOSFETs when zero or negative bias voltage is ap-
plied to the silicon substrate. The kink effect caused by
the impact ionization at the back channel was observed
when a positive voltage is applied to the substrate. Both
kink currents observed at the front channel and the back
channel increased as the temperature was reduced.
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Fig.9 Temperature dependence of body terminal
current and kink current at V"r6-0V.

current LfKrnor, body terminal current Ig*o, and
emitted photon number Nphmar are plotted as a
function of substrate voltage in Fig.7. As is clear
in the figure, both IB*o, and lfpa-o, slightly in-
crease as the substrate voltage is increased to a
negative direction because the channel electric field
increases. On the other hand, LIK*o, decreases
because the back surface of SOI film body is accu-
mulated and generated holes are easily swept out
from the body terminal. When a positive high
voltage is applied to the substrate, f B*o* due to
the impact ionization at the front channel signif-
icantly decreases because it becomes difficult for
holes to flow into the body terminal. Is*o* due
to the impact ionization at the back channel is ob-
served in a higher substrate voltage region. Nphmax
only slightly decreases even if a positive high volt-
age is applied to the substrate because the impii,ct
ionization still significantly occurs [3]. Meanwhile,
the kink current decreases as the substrate voltage
is increased to the positive direction because the
barrier height in the source junction at the back
surface is reduced and generated holes more easily
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